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Title of the Inventions METHOD AND APPARATUS ?OR 
CONTROLLING OP FLOW IN A TEMPLATE IN A CONTINUOUS CASTING 



[Abstract ] 
[Matters to Solve] 



in a continuous casting, decrease of center 
segregation by an increase of isometric crystals and aiso 

j 

decrease of nonmetallic inclusion in cast pieces iby 
decrease of depth of penetration of discharge flow are 
carried out in a stable manner and also at a low cost. 

[Solving Means] ' 

A pair of electromagnets 7 constituted from ir|on 

r 

cores 8 which are arranged in an opposing manner with 
predetermined intervals sandwiching a template l,; a 
Plurality of coils 9 wound around the said iron core 

t 9 

a plurality of magnetic poles 10 branched from the iron 
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core and a plurality of coils 11 wound around an iron 
part near the said magnetic pole is installed undei a 
discharge hole of the submerged nozzle and electric 
current such as direct current or alternating current 
is applied to the coil whereby mobile magnetic field. is 
applied into the template by the pair of magnetic po}es 
to stir the melted steel in the template or staiic 
magnetic filed is applied to control the melted steel. 



[Claims] ; 

1. A continuous casting method, characterized j in 
that, in the manufacture of cast pieces by pouring the 
melted steel into a template via a submerged nozzle' in 
a continuous casting of steel, a pair of electromagnets 
constituted from iron cores which are arranged in ;'an 
opposing manner with predetermined intervals 
sandwiching a template, a plurality of coils wound around 
the said iron core, a plurality of magnetic poles branched 

> 

from *the iron core and a Dluraiitv <~»-f i~ ^ * 

**<-i cx pmraiiry or coils wound around 

* 

an iron part near the said magnetic pole is installed 
under a discharge hole of the submerged nozzle and 
electric current such as direct current or alternating 
current is applied to the coil whereby mobile magnetjic 
field is applied into the template by the pair of magnetic 
poles to stir the melted steel in the template or staJic 
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magnetic filed is applied to control the melted steel. 

2. An electromagnet apparatus for continuous 
casting, characterized in that, in an electromagnet 
apparatus constituted from iron cores which are arranged 

1 

in an opposing manner with predetermined intervals 
sandwiching a template for a continuous casting, a 
plurality of coils wound around the said iron core,' a 

4 

plurality of magnetic poles branched from the iron core 
and a plurality of coils wound around an iron part near 
the said magnetic pole, the type of electric current : is 
switched to direct current or three-phase alternating 
current and the current is applied to the coil whereby 
mobile magnetic field is applied into the template; ; or 
static magnetic filed is applied by a pair of 
electromagnets - 



[Detailed Description of the Invention] 
[ 0001 J 

t * 

* ** * 

[Technical Field to which the Invention Belongs] j 

The present invention relates to a continuous 
casting method for melted steel. 
[00021 

[Prior Art] 

In a continuous casting of steel, various kinds jof 
steels are cast in one continuous casting machine, im 
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some of the steel species, center segregation is to.be 
decreased as much as possible in coagulation of melted 
steel in the continuous casting while, in others, 

a 

nonmetallic inclusion inside the cast pieces is to i be 
decreased as much as possible. in decreasing the center 
segregation, melted steel in the template 'is 

■ 

electromagnetically stirred and isometric crystals are 
increased whereby the center segregation can be dispersed 
and decreased. On the other hand, in decreasing the 
nonmetallic inclusion inside the cast pieces, static 
magnetic field is applied to the melted steel in ihe 
template and the depth of penetration of the downw4rd ; 
flow which flows downstream than the discharge holejof 
the submerged nozzle whereby trapping of the inclusion 
in the melted steel inside the case pieces can jbe 
suppressed. A method where melted steel is stirred iby 
installing an electromagnetic device in a template part 
has been known already and, in the Japanese Patent 

* 

Applications Nos. 134898/1992 and 159802/1992, there.is" 

i 

disclosed a method where stirring is carried out by 
applying mobile magnetic field to the steel in tihe- 
template. Further, a method where static magnetic field 
is applied to melted steel to control the flow of the 
melted steel is disclosed in the Japanese Patent 
Application Nos. 241439/1987 and 127938/1992. 



4 
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£0003] 

However, it is difficult that an electromagnetic 
device for stirring the melted steel and an 
electromagnetic device for controlling the melted steel 
by application of static magnetic field are placed 'in 
the same place of the template part. in many cases, lit 
is also difficult that those two types of electromagnetic 
devices are placed near and installed in the template 
because of the space. Even if that is possible, cost for 

• 

j 
a 

the equipments becomes high and the actual situation lis 

i 

* 

that there is no method where each of functions lof 
stirring and control of the melted steel is properly used 
depending upon the type of the steel which is continuously 
cast. 

[0004 ] 

[Matter that the Invention is to Solve] 

The matter which is to solve is that a function of 
stirring the melted steel in the template and a function 
of decreasing the depth of penetration of discharging 
flow by application of static magnetic field to the melted 
steel in the template by one electromagnetic device 
installed in a template part in a continuous casting 
machine whereby a decrease of center segregation by an 
increase of isometric crystals and a decrease iof 
nonmetallic inclusion in the cast pieces by decrease of 
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depth of penetration of discharge flow are carried out 

i 

in a stable manner and at a low cost, 

» 

[0005] 

[Means for Solving the Matter] 

The present inventors have carried out various 

1 

investigations for solving the above-mentioned matter 
and, as a result, they have found that, when arrangement 
and shape of iron core, coil and magnetic pole j of 
electromagnet are improved and type of electric current 
applied to a plurality of coils would around the iron 
core is changed, it is now possible by one electromagnet 
device to stir the melted steel by application of mobile 

* 

magnetic field to melted steel in the template and also 
to control the melted steel by application of static 
magnetic field. They have further found that 

installment of the said one electromagnet device below 
the discharge hole of the submerged no 22 i 6 is effective 
for achieving the two functions of stirring and 
controlling. 

i 

[0006] 

t 

The gist of the present invention is a continuous 
casting method, characterized in that, in the manufacture 
of cast pieces by pouring the melted steel into a template 
via a submerged nozzle in a continuous casting of steel, 
a pair of electromagnets constituted from iron cores 

f 
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which are arranged in an opposing manner with 
predetermined intervals sandwiching a template,; a 
plurality of coils wound around the said iron core, a 

i 

plurality of magnetic poles branched from the iron core 

t 
i 

and a plurality of coils wound around an iron part near 
the said magnetic pole is installed under a discharge 
hole of the submerged nozzle and electric current such 
as direct current or alternating current is applied to 

i 

the coil whereby mobile magnetic field is applied into 

t 

the template by the pair of magnetic poles to stir the 
melted steel;; in the template or static magnetic filed 

i 

is applied to control the melted steel. it is also :an 
electromagnet apparatus for continuous casting, 
characterized in that, in an electromagnet apparatus 
constituted from iron cores which are arranged in = an 

opposing manner with predetermined intervals 

i 

sandwiching a template for a continuous casting/ a 

i 
i 

plurality of coils wound around the said iron core, a 
plurality of magnetic poles branched from the iron core 

r 
i 

and a plurality of coils wound around an iron part near 

4 

the said magnetic pole, the type of electric current is 
switched to direct current or three-phase alternating 
current and the current is applied to the coil whereby 



mobile magnetic field is applied into the template 



or 



static magnetic filed is applied by a pair of 
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electromagnets . 
[ 0007 ] 

[Mode for Carrying Out the Invention] 

Fig. 1 shows a longitudinal cross section when an 
electromagnet device 7 is installed at the template part 
in case melted steel 4 is poured into a template 1 via 
a discharge hole 3 of a submerged nozzle 2 in conducting 
the continuous casting- Usually, the discharge hole of 
the submerged nozzle is in a downward look from the 
horizontal direction and, when the electromagnet device 
is not operated, a discharged flow from the nozzle of 
the melted steel poured into the template collides 
against the coagulation shell at the shorter side of the 
cast piece and divided into a downward flow which flows 
downward from the discharge hole of the nozzle and a 
upward flow which flows upward from the discharge hole. 
Melted steel is coagulated by removal of heat to the 
template and the coagulation shell 6 is pulled out 
downward continuously. When the speed of the downward 
flow is too quick, the depth of penetration of the 
discharged flow becomes deep and that is disadvantageous 
to floating and removal of the nonmetallic inclusion 
whereby much inclusion remains inside the cast piece 
which badly affects the quality of the steel products. 
[ 0008 ] 
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j 

When the melted steel is electromagnet ically 
stirred in the template, temperature of the melted steel 
in the template lowers and the floating isometric 

t 

crystals grow in a stable manner and, at the same time, 
formation of isometric crystals is promoted near the 

i 
i 

coagulation shell and meniscus and the isometric crystal 
region in the central area of the cast pieces after 

t 

coagulation becomes much. The more the stirring 

i 

strength of the melted steel, the more the promotion iof 

i 

formation of isometric crystals but, when a strong 
stirring by electromagnet is carried out near the 
meniscus, the flux for casting is trapped in the melted 
steel and that badly affects the quality. Therefore, in 
casting the steel species where the center segregation 
is to be decreased, the electromagnet is placed below 

f 
\ 

the discharge hole of submerged nozzle as shown in Pig. 
1 and the melted steel is stirred using the electromagnet 
device 7 whereupon a strong electromagnetic stirring ;of 
the melted steel without the disadvantage such las 

t 

trapping of the flux, isometric crystals can be easily 
increased and center segregation can be dispersed and 
decreased. i 

£0009] 

On the other hand, when static magnetic field lis 
applied to the melted steel using an electromagnet device 
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it 



7 in casting the steel species where decrease of 

it 
4 

nonmetallic inclusion inside the cast pieces is to be 
strictly carried out such as in the case of low-carbon 
aluminum-killed steel used for tin plate products, the 
electromagnetic force acts on the melted steel flowing 
in the static magnetic field in the direction opposite 
to the direction of flow of the melted steel whereby the 

t 
r 

flow rate of the melted steel lowers. As a result, the 
depth of penetration of the discharged flow greatly 
decreases, the nonmetallic inclusion does not invade the 
deep position of the melted steel pool and its removal 
by floating to the meniscus is promoted. 

[ooio] ; 

i 
i 

Fig. 2 is a scheme of a horizontal cross section 
at the position of a-a of Fig. i and shows a pair Jor 
electromagnets 7 and 7 ' which are oppositely placed with 
a predetermined interval sandwiching the template a. 
Constitution and function of those electromagnets 7 and 
7' are same. The electromagnet 7 is constituted from 
iron core 8, magnetic pole 10 branched from the iron core, 
a Plurality of coils 9 wound around the iron core and 
coil ii wound around thfi . ron part Qf branched 

magnetic pole. As will be illustrated hereunder, when 
the current applied to the coil 9 or 11 is changed, jit 
is possible to apply mobile magnetic field and staJic 
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magnetic field to the melted steel in the template! 
10011] 

Method for the application of mobile magnetic f i4ld 
is illustrated in Fig. 3 where the coil 11 of Pig. 2. is 
omitted for the sake of convenience. in Fig- 3, when 
three-phase alternating current where phases of the 
alternating current are lagged to an extent of 120° each 

r 

other is applied to the adjacent coils u, v and w, magnetic 
field applied to the melted steel in the template f*om 
the front end of each magnetic pole 10 changed in terms 
of time depending upon the change of the current applied 
to the coils u, v and w with a lapse of time whereupon 
the mobile magnetic field acts on the melted steel near 
the magnetic pole and, as a result of action of the said 
mobile magnetic field, the flow 12 of the melted steel 
is resulted.. By the same method, it is also possible.to 
cause the flow 12' of the melted steel at the opposite 
side of the template whereby the melted steel in the 
template is stirred. 

< 

[0012] 

i 

* 

With regard to a method for applying the static 
magnetic field to the melted steel, there are three 
methods in the case of the electromagnet device as shJwn 
in Fig. 2. The first one is a method where direct current 
is applied to the coil n and, when the direction of tke 
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direct current applied to the coil 11 is changed, it is 

possible as shown in Fig. 4 that polarity of the magnetic 
pole is made N pole and S pole alternately. The magnetic 

i 

field comes from N pole to S pole and, therefore, when 
the polarity of the magnetic pole of the opposite side 
of the template is made n pole and S pole alternately, 
static magnetic field from N pole to S pole can be applied 
to the melted steel in the template and, when the meltied 
steel flows in this static magnetic field, 
electromagnetic force acts in the direction opposite to 
the flow direction whereupon flow of the melted steel 
is suppressed. The second one is a method where, when 
a two-phase alternating current is applied to the coil 
9, direction of the alternating current is changed 
alternately by the adjacent coil whereby there is 
obtained the arrangement of polarity of the magnetic pole 
as shown in Fig. 4. The third one is a method where, when 
two-phase alternating current is applied to the coil 11 
of Fig. 2, direction of the alternating current is 
alternately changed by the adjacent coil whereby the 

t 

arrangement of polarity of magnetic pole as shown in Fig. 
4 is possible. 



[0013 ] 

[ Examples ] 



In a continuous casting of slab, an electromagnet 
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device having four magnetic poles 10 in the widthwise 
direction of the template in an electromagnet device; as 
shown in Fig. 2 is placed on both sides of a template 
and an experiment was carried out for testing the effect 
of application of mobile magnetic field and the effect 
of application of static magnetic field. in a casting 
experiment using a mold flux in a continuous casting 
machine using a common copper template, size of the slab 
cast piece was 170 ram thickness and 800 mm width, length 
of the template was 800 mm, position of the discharge 
hole of nozzle was 250 mm below the meniscus and the center 
position of the electromagnet was placed at 400 mm below 
the meniscus • i 

% 

[0014] ! 

Firstly, in a casting experiment of melted steel 
where carbon concentration was about 0.1%, mobile' 

i 

magnetic field was applied to the melted steel in the 
template and an increase of the isometric crystals Jin 
the cast piece was tested. Three-phase alternating 
current of about 500 A was applied to the coil of Fig. 

i 

2 to which mobile magnetic filed was applied. The 
casting speed was 1 m per minute and superheating degree 
of pouring melted steel in a tundish was about 3 0?C. 
After the casting experiment, coagulated tissues inside 

1 

the cast piece were checked and r as a result, the 
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isometric ratio (or, in other words, ratio of the 
thickness of isometric zone to the thickness of cast 

■ 

piece) was 12% when no mobile magnetic field was applied 
while, when it was applied, the said ratio was io% 

whereupon it was found that the isometric crystals 

i 

greatly increased when the mobile magnetic field vias 
applied. Further, nonmetallic inclusion in the cast 
piece was tested but an increase of inclusion by trapping 
the flux caused by stirring was not noted. Coagulated 
tissue which grew under the influence of flow of melted 
steel grew inclining to the upstream side of the flow' 
of melted steel and, when inclination of the coagulated 
tissue in the cast piece was checked and the flow ra : te 
of the melted steel was presumed from the inclined data 
on the basis of empirical formula, it was presumed that 

a flow rate of 0.6 to 0.8 m/s at best was available. When 
stirring is conducted at such a quick flow rate near t'he 
meniscus, trapping of the flux into the melted steel lis 
promoted and quality of the cast piece is lowered. 
However, when stirring is carried out at a high flow rate 
below the discharge hole of the nozzle as in the present 
invention, trapping of the flux for casting is avoided 
whereby an increase of isometric crystals can be carried 
out efficiently. 
[0015J 
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t 
l 

i 

Then/ an experiment of application of static 
magnetic field was carried out using an aluminum-killed 
steel where carbon concentration was 0.01%, sulfur was 

i 
i 

added to the melted steel in the template part during 
the casting and an experiment was carried out for checking 
the depth of penetration of discharged flow on the basis 
of state of distribution of sulfur inside the cast piece 
after the casting- Casting rate was 1 m per minute and 
the degree of superheating of the melted steel was about 
30°C. With regard to the condition for the application 
of static magnetic field, direct current was applied;to 

* 

the coil 11 of Fig- 2 whereupon the static magnetic field 
of about 0 - 3 Tesla was generated in the template , As a 



result of investigation of sulfur distribution in the 

' i 

cast piece after the casting experiment, it was found 



that the depth of penetration of the discharged flow was 

* 

about 5.5 m when no static magnetic field was applied 

i 

while, when it was applied, the said depth was 

■ 

considerably shortened to an extent of about 3.0 m. 



Further, when an investigation of nonmetallic inclusion 



in the cast piece was carried out by means of a slime 

t 

extraction method, it was found that numbers of tihe 



inclusion of about 50 um or more existing in each kg of 
the steel were about 450 when no static magnetic field 
was applied while , when it was applied , the numbers 
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i 



* 
1 

decreased to about: 250 whereby quality of the cast piece 

r 
1 
i 

i 

was improved by application of static magnetic field- 
[0016] 

When mobile magnetic field or static magnetic field 
is applied to melted steel depending upon the type !of 
the steel using one electromagnet device placed below 

the discharge hole of submerged no22le as such, it has 

i 

i 

now been found that isometric crystals are increased jor 
depth of penetration of discharged flow is decreased 
whereupon nonmetallic inclusion is decreased. ; 
[0017] 

[Advantages of the Invention] 

When the present invention is carried out, it;is 
possible to conduct a continuous casting of the steel 
t YP e which is aimed to decrease the center segregation 
or to decrease the nonmetallic inclusion in a stable 
manner and at a low cost. , 

i 

i 
i 

[Brief Description of the Drawings] 

Fig* 1 is a longitudinal cross section showing the 

» 

relation among submerged nozzle, template and 
electromagnet device. 

* 

Pig. 2 is a plain view of the position of A-A jof 

i 

Fig. 1 and is a scheme of an electromagnet device 
installed by sandwiching a template. 
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Fig. 3 is a scheme of an electromagnet device 

* 

installed by sandwiching a template- 

i 

Fig. 4 is a scheme when polarity of magnetic pole 

* 

of the electromagnet is symmetric alternately at both 
©ides of the template. 
[Explanation of the symbols] 

1 template i 

2 submerged nozzle ! 

t 

3 discharging hole ; 

T 

4 melted steel 

i 
i 

5 direction of flow of the melted steel 

6 coagulation shell [ l- 
7, 7 ' electromagnets 

8 iron core 

s 

9 coil 

10 magnetic pole 

11 coil 

* 

12, 12' direction of stirring of melted steWl 
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